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Introduction: We compared Nordic walking training (NW) to a multicomponent training
(MCT) program of an equivalent intensity, in older adults. Our main hypothesis was that
MCT would result in larger effects on cognitive processes than NW.
Methods: Thirty-nine healthy older adults, divided into two groups (NW and MCT), took
part in the study (17 males, 22 females, mean age =70.8±0.8 years). They were tested for
cardiovascular ﬁtness, motor ﬁtness and cognitive performance during the two weeks pre-
ceding and following the 12-week training session (3 times/week), respectively. For both the
NW and MCT interventions, the training sessions were supervised by a trainer. Heart rate of
participants was monitored during the sessions and then used to make training loads as
similar as possible between the two groups (TRaining IMPulse method).
Results: Results showed that training resulted in better performance for cardiovascular and
motor ﬁtness tests. Among these tests, only two revealed a signiﬁcant difference between the
two groups. The NW group progressed more than the MCT group in the 30 Seconds Chair
Stand test, while in the One Leg Stance test, the MCT group progressed more. For the
cognitive assessment, a signiﬁcant effect of training was found for executive functions,
spatial memory score, and information processing speed response time, with no differences
between the two groups.
Conclusion: The study conﬁrmed that physical exercise has a positive impact on cognitive
processes with no advantage of MCT intervention over NW training. A possible reason is
that NW intervention not only improved cardiovascular capacities, but also motor ﬁtness,
including coordination capacities.
Keywords: aerobic training, cognition, motor ﬁtness, Nordic walking, multicomponent
training, aging
Introduction
Numerous studies have shown that engaging older adults in moderate to vigorous aerobic
exercise not only beneﬁts cardio-respiratory ﬁtness1,2 but also improves cognitive func-
tioning and brain plasticity.3–5 Accordingly, the main relevant quantitative determinants
of the effects of aerobic exercise – exercise intensity and duration, training frequency, and
type of training (treadmill, bicycle, swimming) –were identiﬁed,4 aswell as themediating
mechanisms, including increase in cardiovascular capacities, the production of neuro-
trophic factors, changes in neural structures, and brain vascularization.5,6
In a pioneering study, Voelcker-Rehage et al,7 revealed a strong association between
motor ﬁtness and cognitive functioning. These results triggered a shift in the
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researchers’ focus from quantitative to qualitative determi-
nants of the effects of exercise on cognitive functioning.7,8
Indeed, according to current classiﬁcation (eg, Pesce, 2012;
Voelcker-Rehage, 2010) quantitative determinants refer to
intensity and duration of effort, frequency, and length of
training sessions and programs. Conversely, qualitative
determinant refers to the type of movement used during
practice that is, simple or guided movements involving auto-
matic control (eg, pedaling) vs complex motor skills and
coordinated movements that involve high-level cognitive
(executive) functions.8
Accordingly, several studies compared the respective
effects of aerobic exercise and complex motor skills training
on cognitive processes in older adults9 (see Levin et al, 2017;
Netz, 2019 for reviews10,11). The underlying assumption was
that the former improves cardiovascular ﬁtness, while the
latter prominently improves coordination and motor ﬁtness.
Results showed that both cardiovascular and coordination
training enhanced cognitive functioning, although the
mechanisms that underlie performance changes differed
depending on the type of intervention. It is noticeable that,
in these studies, the intensity of aerobic effort incurred by
coordination training was lower than those of the walking
intervention, and even too low to improve cardio-respiratory
ﬁtness, as demonstrated in other studies.12,13 However, in
spite of a difference in exercise intensity in the cardiovascu-
lar domain, Berryman et al,13 reported that, in healthy older
adults, complex motor skills training improved executive
functions to the same extent as the combination of high-
intensity aerobic exercise and strength training. Thus, the
question remains of whether the effects induced by aerobic
exercise and by a circuit training of complex motor skills on
cognitive performance could be cumulated.
To address this issue, we compared the effects of Nordic
walking training (NW) and those of a multicomponent train-
ing (MCT) program on cardiovascular capacities, motor ﬁt-
ness, and cognitive functioning. NW was chosen because,
relative to classic walking, it induces higher heart rate (HR),
higher oxygen consumption,14 and ﬁnally results in larger
beneﬁcial effects on cardio-respiratory ﬁtness and muscular
strength.15,16 MCT consisted of practicing complex motor
skills requiring coordination, reactivity, agility, balance, and
muscle strengthening. Moreover, it was designed so that the
repetition of the exercises required an aerobic effort of a
comparable intensity to that required by the NWintervention.
We expected that NWand MCTwould result in equiva-
lent improvement of cardiovascular ﬁtness, while MCT
would lead to larger improvement of motor ﬁtness than
NW. Accordingly, our main hypothesis was that the MCT
intervention, combining aerobic exercise and complex
motor skill training, would result in larger effects on
cognitive functioning than the NW intervention, suppo-
sedly implicating aerobic effort alone. To test this hypoth-
esis, we investigated four domains of cognitive
functioning (executive functions, spatial memory, visuos-
patial capacities, information processing speed), thanks to
gamiﬁed tasks chosen among those of a computerized
battery previously validated for cognitive stimulation and
rehabilitation (see Materials and methods section).
Materials and methods
Participants
Participants were recruited through advertisements in a local
newspaper. A total of 60 people volunteered to participate in
the study, but after a pre-inclusion meeting with the staff and
a medical screening, 41 healthy adults ﬁnally took part to the
training programs but, due to adverse events during the
course of intervention, only 39 were analyzed (17 males, 22
females, mean =70.8±0.8 years).
All subjects provided a written informed consent to: 1)
the procedures of the laboratory testing and 2) the training
interventions carried out in a sport club by specialized
trainers. The protocol was approved by the local ethic
committee of Aix-Marseille University and was in accor-
dance with the ethical standards laid down in the
Declaration of Helsinki. The main inclusion criteria for
the participants were to be aged between 65 and 85 years,
and to be sedentary or moderately active. The exclusion
criteria were: 1) suffering from metabolic, cardiac or car-
diovascular disease, neurological disorder, or any other
motor or cognitive restrictions, 2) cognitive impairments,
3) medical contra-indications to planned exercise, or 4)
impossibility to commit to a 12-week exercise program.
Inorder to assess the level of physical activity of participants,
two questionnaires were administered: i) the Ricci and Gagnon
sedentary behavior questionnaire (RG; Montreal University,
modiﬁed by Laureyns and Séné), and ii) the International
Physical Activity Questionnaire (IPAQ, French version, July
2003).17 According to the obtained scores participants were
divided into two groups of equivalent physical activity levels
(see Table 1). The cut-off value used to classify participants as
sedentary ormoderately activewas those proposed byRicci and
Gagnon (sedentary <18; moderately active >18 and <35). The
Montreal Cognitive Assessment (MOCA) was administered
in order to evaluate the global cognitive status of the
Temprado et al Dovepress
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participants and to detect a possible cognitive decline.18,19
Participants with a score below 23 were excluded during the
medical screening.
Since most participants were sedentary at the very begin-
ning of the study, to eventual cardiovascular contra-indica-
tion to exercise, a medical screening was carried out for each
participant, including a sub-maximal aerobic exercise test on
a cyclo-ergometer. Termination criterion of the incremental
cycling test was ﬁxed reaching the 85% of the estimated
maximal HR. The maximum HR was estimated using the
widely used formula of 220minus age of participants in years
(220-age). It is a safe procedure for older participants, though
it is less accurate than HRmax measured during a maximal
incremental test. Electrocardiogram was recorded during
exercise. HR was measured at rest, during the effort, and 3
minutes post exercise. Initial mechanical power was set at 30
W for 1 min and then the workload was increased each
minute by 15 W. Adaptation of the exercise protocol was
reported by medical doctors for participants older than 80
years old and for some subjects reporting previous cardio-
vascular problems (eg, 30 W/10 W/1 min; 10 W/10 W/1
min). After being included, participants were asked to main-
tain their lifestyle during the training period and until the last
evaluation session was completed.
Procedure
Participants were tested for cardiovascular ﬁtness, motor
ﬁtness, and cognitive performance during the two weeks
preceding and following the 12-weeks training, respec-
tively. Before both evaluation sessions, each participant
completed a self-report to attest that they did not suffer
from cognitive or sensorimotor troubles that might bias
their performance in the experimental tasks.
Cardiovascular and motor ﬁtness assessment
Eight different tests were used to assess cardiovascular
ﬁtness, muscular strength, and motor ﬁtness. Five of
them were part of the Senior Fitness Test protocol,20
while the others were used in previous studies.9 Since
walking speed is an important indicator of both physical
and cognitive health among older adults (eg, Chan and Pin
201921), we used the 6 minute walking test (6MWT).
Participants were asked to walk “as far as possible” during
6 minutes along a corridor 2-m wide on a 50-meter-long
race track. The distance covered in the 6 minutes was
recorded as well as the mean of HR during the 6 minutes
(expressed in percentage of HRmax). No running was
allowed. Standardized encouragements – “you’re doing
well, keep it up” – were given to subjects every minute
during the test. HR recording showed that the participants
were trying to achieve their maximum performance since
the average HR values were between 79% and 84%
HRmax at both the pre-test and the post-test.
Given that several MCT workouts as well as the use of
walking poles required grip strength, maximal grip strength
was measured by using the Hand-Grip test (JAMAR® hand
dynamometer, force measured in Newton). The highest
strength of three performed trials (5 s each with 30 s of
rest) was recorded and averaged. Moreover, 30-Seconds
Arm Curl test and 30-Seconds Chair Stand test,22 were
performed to assess the anaerobic power and fatigue toler-
ance (force and endurance) of upper limb and lower limb,
respectively. For the 30-Seconds Chair Stand test, subjects
did not use their arms duringmovements. For the 30-Seconds
Arm Curl test, the weight was 2 kg for women and 3 kg for
men in accordance with the recommendations of the Senior
Fitness Test protocol. In addition, we administered the Timed
Up and Go test23 and the Single-Leg-Stance test to assess
mobility and balance.24 Finally, the Stick Fall test allowed
assessing reactivity,9 and the 30-Seconds Four-Square
Stepping Test (FSST)25 allowed measuring whole-body
coordination and agility.
Cognitive assessment
To assess cognitive performance, we used computerized tests
from the PRESCO battery, which has been scientiﬁcally
validated through different studies (Happy neuron Pro©,
Scientiﬁc Brain Training). Four gameswere chosen to assess:
1) executive functions, 2) spatial memory, 3) visuospatial
capacities, and 4) information processing speed, respectively.
These tests were presented by a block of ﬁve trials on a 17”
screen. The order of presentation was randomized across
Table 1 Mean and standard deviation of descriptive character-
istics of the sample at baseline
Variables MCT (n=19) NW (n=20) P-value
Gender, female (n) 10 12 –
Age (years) 72.4±6.3 69.8±5.9 0.158
BMI (kg/m2) 25.5±3.4 26.3±5 0.715
MOCA 26.6±2.5 25.8±3.6 0.817a
IPAQ 1.6±0.5 1.4±0.5 0.105
RG 20.4±7.5 19.1±7.5 0.593
Note: No difference between groups at baseline. aIndependent samples T-test,
otherwise Mann–Whitney U test.
Abbreviations: MCT, multicomponent training; NW, Nordic walking training; BMI,
body mass index; MOCA, Montreal Cognitive Assessment; IPAQ, International Physical
Activity questionnaire; RG, Ricci and Gagnon sedentary behavior questionnaire.
Dovepress Temprado et al
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participants. Participants completed the tasks by using the
mouse of the computer. A preliminary familiarization (5
minutes) with the computer and mouse was provided to the
participants before the evaluation session.
Executive Functions were evaluated through the
“Basketball test”, which is inspired by the Tour de Hanoï
and requires mental reasoning. Speciﬁcally, during a trial, a
target conﬁguration representing numbered balls of different
colors in three baskets was presented to participants. Then,
starting from a different conﬁguration, the task was to men-
tally represent the needed moves to reproduce the target
conﬁguration. Participants were asked to report the number
of the required ball moves. Six different conﬁgurations of
four balls were presented (six trials). Time to respond was
unlimited. Response time and error rate were recorded for
each participant.
Spatial memory
The test consisted of observing during 30 s a 5*5 cases
grid on which were placed two geometric shapes (a circle
or a square) of three different colors (black, red, or green).
Then, after memorizing the location and colors, the task
consisted of reproducing the initial conﬁguration on an
empty grid by picking-up with the mouse the appropriate
shapes and colors. Two trials were performed. Time to
respond was unlimited. Response time and error rate
were recorded for each participant.
Visuospatial capacities
In half of the trials, a photographic view of a scene with
different geometric shapes (cubes, cylinders, …) was pre-
sented to participants. Then, a screenshot was displayed from
1 over 8 possible perspectives and the participants had to
choose the point of observation corresponding to the dis-
played view. In the Second half of trials, a given point of
observation was indicated and the participants needed to
choose the corresponding screenshot amongst eight repre-
sented possibilities. Eight different pictures (2 x 4) were used
(8 trials). Response time was unlimited. Response time and
error rate were recorded for each participant.
Information processing speed
Participants had to memorize a target ﬁsh, then to identify
it as fast as possible when it traversed the screen amongst
other different ﬁsh types. Fifteen different ﬁsh types were
used (15 trials). Response time and error rate were
recorded for each participant.
During a familiarization phase, easy conﬁgurations of
the different tests were proposed to the participants, in
order to ensure that the task was properly understood.
During the experiment, the order of presentation of the
different tests to the participants was randomized.
Participants performed the experimental session without
the help of the experimenter and results were recorded for
the statistical analysis.
Training interventions
Participants were semi-randomly divided into groups, which
practiced Nordic walking (NW, n=20) and Multicomponent
Circuit Training (MCT, n=19) during 12 weeks, three sessions
of 60 minutes a week, for a total of 36 sessions (see Figure 1,
ﬂow diagram below). The sessions were carried out on mon-
day, thursday, and friday afternoon. One session was deleted
for the NW group due to severe raining. We divided the
participants into groups on the basis of several criteria, with
the aim of creating similar groups (no statistical differences
between the groups for all the variables collected during the
ﬁrst interview). The criteria used were: gender, age, MOCA
test score, and distance traveled during the 6MWT.
Two specialized trainers, one in NWand the other in MCT
were recruited, and the training protocols were deﬁned during
several meetings between the scientiﬁc staff and the trainers.
The NW and MCT groups were divided into two subgroups
that practiced the same day with the same trainer. MCT ses-
sions were held in a gymnasium, while the NW sessions were
held in a natural park. To ensure compliance with the exercise
protocol by the trainers, all the sessions were supervised by
research assistants graduate in sport sciences. Some sessions
were ﬁlmed with the consent of participants in order to be
analyzed by the staff. Weekly meetings between the science
team and the trainers allowed the exercise protocol to be
adjusted, if necessary. For each training protocol, the sessions
comprised three phases: i) warm-up (15–20minutes), ii) work-
ing phase (30minutes), and iii) cooldown (10minutes). All the
participants were provided with a HR monitor (Polar Electro,
Kempele, Finland),whichwas turned on just after thewarm-up
phase and switched off before the cool down. Data were used
to adjust the training loads and make them as similar as
possible between the two groups.
Training load
During each session, exercise intensity was assessed by
recording HR and subjective ratings of perceived exertion
(RPE) (Borg CR10 scale).26 Participant learned to monitor
their HRmax, mean HR, and at the end of each session, they
Temprado et al Dovepress
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communicate all the information (together with the RPE) to
the instructors who registered the data in the training note-
book. Participants were instructed to exercise at a moderate-
intensity, equivalent to a 5–6 on the CR10 scale, and
between 60% and 80% of the predicted maximal HR.
To compare the training load of MCT and the NW
protocols, we use the “training impulse” method
(TRIMP).27,28 Based on HR, TRIMP method allows
approximating the intensity of the session by multiplying
the length of the session (in minutes) by an intensity factor
which is speciﬁcally deﬁned for men and women
(Banister’s TRIMP = D * (factor A * ΔHR * exp (factor
B * ΔHR)). D is the duration of training session in min-
utes, Factor A=0.64 and Factor B=1.92 (for men) and
Factor A =0.86 and Factor B =1.67 (for women); ΔHR
ratio = (HRex–HRrest)/(HRmax– HRrest), HRex is the
average HR recorded during the working period, HR rest
is resting HR, and HR max is maximal HR.
Multicomponent circuit training
The MCT protocol consisted of a circuit of speciﬁc exer-
cises. For each exercise, the duration and the number of
repetitions were communicated by the trainer to the parti-
cipants, who could move along the circuit together but still
working at their own rate and possibilities. The trainer
provided instructions and feedback to participants about
the quality of performed movements. Along the 3 months,
after every 12 sessions, the exercises were set with differ-
ent work-to-rest ratio (eg, 1:1, 2:1, or 3:1 minutes), there-
fore covering both aerobic and anaerobic energy systems.
Figure 1 Study inclusion and exclusion ﬂowchart.
Abbreviations: MCT, multicomponent training; NW, Nordic walking training.
Dovepress Temprado et al
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Moreover, exercises progressions and variations were
modulated over the sessions so as to keep alive the moti-
vation to attend the training program, and continuously
challenging participants to practice new motor skills.
The warm-up phase lasted by 15–20 minutes. The main
part of the session consisted in moving over 10–11 stations
in a prescribed order and a ﬁxed work-to-rest ratio, in
which participants had to perform exercise of different
nature: muscular resistance for arms and legs, dynamic
balance, eye–hand coordination, multi-limb coordination,
spatial orientation, reactivity, stepping, and whole-body
coordination. The aerobic load of the MCT was induced
by intermittent efforts and controlled by HR monitoring.
Among the exercises aimed to stimulate motor and cogni-
tive functioning, agility ladder drills consisted in combina-
tions of steps that participants had to repeat all along the
ladder, requiring movement speed, rhythms changes,
between-leg coordination, change of direction, stopping,
postural control, memory recognition, visual attention, and
reaction. The ladder drills were modiﬁed about every 3
weeks, when the participants mastered movement accu-
racy and speed. Various drills were proposed along with
the whole training program in order to combine well-
known and new exercises in each session. Furthermore,
among the exercise focusing on motor and cognitive sti-
mulation were included also ball throwing to small targets
and backward locomotion. The cooldown phase consisted
in stretching, relaxation, and static balance exercises per-
formed with eyes open and closed. At the end of each
session, participants have to reach 60–80% of their
HRmax in order to control the session intensity.
Nordic walking training
NW consisted in walking with poles continuously
around a natural park. Guided by the trainer, during
the warm-up phase (10 minutes), participants walked at
moderate speed and they performed joints mobilization
and general exercises with the help of the poles. In the
main phase of the session, participants were instructed
to perform moderate- to high-intensity walking for 30
minutes. During the ﬁrst 2 weeks, participants learned
the basic techniques of Nordic walking in ﬂat trails.
Afterward, the trainer learned them uphill and downhill
techniques in order to be able to follow different trails
all over the park. After the ﬁrst weeks of adaptation,
the NW group has increased the intensity of the effort
until it reaches by 80% of the HRmax in the main part
of the session.
Statistical analysis
Data were analyzed SPPS for MAC, version 24.0 (SPSS
Inc., Chicago Illinois). The level of statistical signiﬁcance
was set at P<0.05 for all computations. All data were
checked for normality of distribution. To test the effects
of the training interventions, all the measured variables
were submitted to a two-way repeated measures analysis
of variance with group (NW vs MCT) as between-subjects
factor and session (Pre-test vs Post-test) as within-subjects
factor. A Greenhouse-Geisser correction was used in case
of violation of the sphericity assumption in ANOVAs. A
Greenhouse-Geisser correction was used in case of viola-
tion of the sphericity assumption in ANOVAs. Effect sizes
were calculated using partial eta squared (ηp
2). In addition,
for each group, we counted 1) the number of participants
who were progressing after training in the different tasks,
and 2) the amplitude of progress (in % of initial perfor-
mance). Then, we calculated the % of responders in each
group (ie, participants improving their performance by 5%
or more; but see Pickering & Kielly, 201829 for a different
method) and the mean amplitude of progress of perfor-
mance in the progressing participants. Accordingly, the
delta value (Δ%) between pre-test and post-test was calcu-
lated for amplitude of progress (Δ% = [post-test score–pre-
test score)/pre-test score] *100). Then, the values of
observed in NW and MCT groups were compared with
an independent samplet-test.
Results
Attendance to the training programs
Thirty-six sessions were planned (3 sessions × 12 weeks)
but only 35 were performed for the NW group and 34 for the
MCT group. The attendance to the training program was at
least 70% for all NW group participants, and among them,
eight attended more than 90% of the training sessions. For
the MCT group, participation was over 80% (probably
because the sessions took place indoor), and 12 participants
achieved more than 90% attendance. The distribution of
attendance to training sessions in each group is shown in
Figure 2.
Training load
The independent samples t-test showed a signiﬁcant dif-
ference in the mean training load between the NW and the
MCT groups. Speciﬁcally, the workload of the NW group
was signiﬁcantly higher than those of the MCT group
(39.8 and 25.6, respectively) (t(37)=3.98; P<0.05). This
Temprado et al Dovepress
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might be induced by a slightly different duration of the
sessions between groups. Indeed, the t-test showed that the
duration of the main phase of the training was signiﬁcantly
longer for the NW group (M=29.1 minutes) than for the
MCT group (M=25.3 minutes) (t(136)=3.49; P<0.05).
Cardiovascular and motor ﬁtness
Repeated measure ANOVA revealed a main effect of ses-
sion for all the different tests, that is: the 30 Seconds Chair
Stand [F(1.37)=5.342, P<0.05, ηp
2=0.126], the One Leg
Stance [F(1.37)=10.589, P<0.05, ηp
2=0.223], the 30
Seconds Arm Curl [F(1.37)=19.742, P<0.05, ηp
2=0.348],
Timed Up and Go [F(1.37)=8.141, P<0.05, ηp
2=0.180],
6MWT [F(1.37)=21.059, P<0.05, ηp
2=0.363], Hand Grip
Strength [(F (1.37)=18.812, P<0.05, ηp
2=0.337], Stick Fall
test [(F (1.37)=8.041, P<0.05, ηp
2=0.179], and for the 30
Seconds FSST [(F(1.37)=33.702, P<0.05, ηp
2=0.477].
These results showed increased performance after the
training sessions for all the different tests. Among these
tests, only two revealed a signiﬁcant session ⨰ group
interaction that is: the 30 Seconds Chair Stand [(F(1.37)
=6.669, P<0.05, ηp
2=0.153] and the One Leg Stance [F
(1.37)=8.678, P<0.05, ηp
2=0.190)], respectively. The inde-
pendent sample t-test showed that in the 30 Seconds Chair
Stand, the NW group (M=19.2, SD=26.5) progressed more
than the MCT group (M=3.9, SD=16.6); t(37)=−2.147,
P<0.05, while for the One Leg Stance, the MCT group
(M=237.3, SD=254.8) progressed more than the NW
group (M=64.2, SD=167.8), t(37)=2.324, P<0.05).
Figure 3 shows the mean pre- to post-intervention changes
on motor outcomes (ie Δ performance pre-post).
In addition, we counted the number of participants who
progressed (“responders to exercise”) in each group.
Although on average, this number was high and nearly
similar between the NW and the MCT groups (73.1% and
70.6%, respectively), group differences were observed as a
function of the nature of the test. For instance, in the 6MWT,
the percentage of responders was higher in the NW group
than in the MCT group (90% and 79%, respectively), while
the inverse was observed for the one-leg stance test (60% and
81%, respectively). For the other tests, the percentage of
responders was roughly similar between the two groups.
The analysis conducted on the mean amplitude of progress
on cardiovascular andmotor performance within the progres-
sing participants revealed a signiﬁcant difference only in One
Leg Stance performance, where the progress of the MCT
(M=352.6, SD=227.3) was signiﬁcantly larger than the one
of the NW (M=153.3, SD=202.8), t(19)=−2.029, P<0.05.
Table 2 summarizes the number of participants that improved
their performance in the ﬁtness tests and the corresponding
amplitude of progress.
Cognitive performance
Signiﬁcant session effect on error rate was observed for
executive functions [F(1.36)=4.24, P<0.04, η2=0.106],
and spatial memory [F(1.36)=4.049, P<0.05, ηp
2=0.101].
No session ⨰ group interaction was found for these tests.
For the information processing speed test, the analysis
Figure 2 Distribution of attendance to the training sessions in multicomponent training (MCT) group and Nordic walking training (NW) group.
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revealed a signiﬁcant effect of session on response time [F
(1.36)=6.993, P<0.05, ηp
2=0.159].
The counting of the number of responders in each
group (ie, Δ performance pre-post >1%) revelated that,
for the executive functions test, the percentage of respon-
ders was higher for the MCT group (55%) than for the
NW group (30%). For the other tests, the percentage of
responders was roughly similar between the two groups
(see Table 3). For the mean amplitude of progress in the
test of executive functions, the independent t-test showed
that the progress of the NW (M=58.1, SD=22.9) was larger
compared to the MCT (M=31, SD=11.5), t(6.55)=2.696,
P<0.05. Levene’s test indicated unequal variances
(F=7.561, p=0.016), so degrees of freedom were adjusted
from 14 to 6.551. For the other tests, the independent t-test
has not revealed signiﬁcant differences between MCT and
NW. Table 3 summarizes the number of participants that
improved their performance in the cognitive tests and the
corresponding mean amplitude of progress (Table 4).
Discussion
We aimed to compare a NW intervention with a multi-
component training program in order to determine whether
combining aerobic exercise and complex motor skills
training (MCT) had an advantage over aerobic exercise
alone (NW) to enhance cognitive functioning. Our main
hypothesis was that MCT would result in larger effects on
cognitive processes than NW. Also, we predicted that NW
and MCT would result in equivalent improvement of car-
diovascular ﬁtness, while MCT would lead to larger
improvement of motor ﬁtness than NW.
Effects of training programs on
cardiovascular and motor ﬁtness
Results observed in the 6MWT conﬁrmed that the partici-
pants of both groups signiﬁcantly improved their perfor-
mance without any difference between them at the end of
the training period. Thus, although slightly differently
stimulated during training (as attested that the results of
training load), the NW and MCT interventions led to
comparable progress of performance. These results were
pre-requisite to further compare the effects of aerobic
training and complex motor skill training on cognitive
processes. In this respect, the present study differs from
those available in the literature, which have shown that
multicomponent training was too low to improve cardio-
respiratory ﬁtness.12,13,30 However, the number of respon-
ders was larger in the NW groups than in the MCT group
(90% and 79%, respectively), thereby suggesting that NW
might be slightly more effective than MCT to enhance
cardiovascular ﬁtness.
Concerning motor ﬁtness, the results showed that the
two groups progressed in all the different tests. In addition,
the differences in performance observed in the 30 Seconds
Chair Stand test and the One Leg Stance test revealed the
speciﬁcity of each training intervention. Speciﬁcally, the
300
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Figure 3 Mean pre- to post-intervention change scores (Δ) on motor outcomes for participants completing the multicomponent training (MCT) and the Nordic walking
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NW group progressed more in the 30 Seconds Chair Stand
test, which was related to force capacities of lower limbs,
while the MCT group progressed more in the One Leg
Stance test, which assessed dynamic balance considered as
a component of motor ﬁtness. The lack of difference in the
30-Seconds FSST suggests that NW also improved motor
ﬁtness and, in particular, motor coordination. This result
was unexpected since the participants of the MCT training
group spent a lot of time on practicing coordination tasks
over the different sessions, in particular through agility
ladder drills. In addition, previous studies have shown
that NW prominently improves cardiovascular ﬁtness
instead of motor ﬁtness.16,31 A possible interpretation is
that the two training programs allowed developing coordi-
nation skills through different pathways. Presumably, the
NW program was prominently based on the repetition of
arm-leg coordination over a large number of repetitions
(quantitative), while the MCT program allowed develop-
ing whole-body and multi-limb coordination through a
variety of qualitative exercises. Thus, it seems that NW
and MCT are different training programs, both qualita-
tively and quantitatively, which equally can develop
motor ﬁtness and coordination capacities.
Effects of NW and MCT on cognition
Both the MCT and the NW participants progressed in
executive functions, spatial memory, and information pro-
cessing speed tests as a consequence of physical training.
On average, the performance in these three tests did not
differ between the two groups. Nevertheless, when con-
sidering only the responders, the results showed a differ-
entiation between the two groups in the test of executive
functions. Indeed, on the one hand, the MCT program
allowed more participants to progress, while, on the
other hand, for the responders, the NW program induced
a greater improvement in performance in the test of execu-
tive functions. This result might suggest that the two
intervention programs might be slightly different in the
way they impacted executive functions. Presumably, on
the one hand, the beneﬁts of NW on executive functions
resulted from indirect effects of aerobic effort on cogni-
tion-related brain structure. On the one hand, in addition to
the indirect effects of aerobic exercise on cognition-related
brain structures, MCT prominently directly loaded execu-
tive functions through the practice complex movements.
Such hypothesis was also supported by the results
observed in Voelcker-Rehage et al’s study,9 which showed
that aerobic intervention and coordination training have
different effects on cognitive performance. Accordingly,
in our study, the differences observed for the sub-groups of
responders on cognitive performance could reﬂect differ-
ent underlying mechanisms involved, respectively, in NW
and MCT. However, it cannot be excluded that NW also
directly loaded cognitive processes, which are critical to
successfully achieve walking. In a systematic review,
Hamacher et al,32 provided supporting evidence of this
hypothesis that, in older adults, executive functions are
used to achieve normal locomotion function, in particular
when they walk fast. Finally, the present study adds to the
evidence that physical exercise has a positive impact on
cognitive processes (see also Hamacher et al,32). It also
suggests that NW can be considered as a multi-component
intervention, which may have greater effect than aerobic
Table 3 Mean pre- to post-intervention change score (Δ) on
motor outcomes for participants who progressed following 12
weeks of multicomponent training (MCT) and Nordic walking
training (NW)
Test MCT NW
Progr-
essors
n (%)
Δ
(%)
Progr-
essors
n (%)
Δ
(%)
6 minute walking test (m) 79 13 90 17
30 Seconds Chair Stand (n reps) 32 26 80 28
30 Seconds Arm Curl (n reps) 74 35 70 28
Hand Grip Strength (Kg) 68 20 75 14
One Leg Stance (s) 81 220 60 58
Timed Up and Go (s) 68 17 60 12
Four Square Step Test (N reps) 84 37 80 39
Stick Fall (cm) 79 27 70 31
Abbreviation: n reps, number of repetitions.
Table 4 Mean pre- to post-intervention change score (Δ) on
cognitive outcomes for participants who progressed after the
multicomponent training (MCT) and the Nordic walking training
(NW)
Outcomes MCT NW
Progressors
n (%)
Δ
(%)
Progressors
n (%)
Δ
(%)
Executive Functions 56 31 30 58.2
Spatial Memory 61 26.6 65 36.4
Visuospatial
Capacities
39 20.9 40 27.9
Information
Processing Speed
37 19 45 17.6
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exercise alone. Since in the present experiment, no com-
parison was made with a control group following aerobic
exercise alone, this conclusion remains speculative.
However, consistent results have been reported in this
respect by Hamacher et al,33 with dancing intervention,
which can also be considered as a multicomponent activ-
ity. In this study, greater effects of dancing intervention
were found, compared to aerobic training.
Conclusion
Contrary to our initial hypothesis, MCT intervention did
not enhance cognitive processes better than the NW train-
ing. On the basis of this result, it could be concluded that
the effects of aerobic training and complex motor skill
training do not cumulate to improve cognition. However,
this conclusion is equivocal since the NW intervention
improved both cardiovascular capacities and motor ﬁtness,
including coordination. This result differs from those
reported in previous studies, which showed beneﬁcial
effects of NW on cardio-respiratory ﬁtness and muscular
strength instead of motor ﬁtness.16,34 In the present study,
motor coordination involved in walking with poles and,
more generally, the improvement of motor ﬁtness induced
by NW may have also contributed to reduce the difference
between the effects of the two intervention programs on
cognitive functioning. This could be attributed to the fact
that all the sessions of NW were carried out in natural
environment and complex terrains (uneven surfaces,
gravel, rocks … ), which probably contributed to increase
balance, motor, and even cognitive demands.
Thus, whether the effects of a pure aerobic exercise
and the practice of complex motor skills on cognitive
processes can be cumulated remains unknown and
deserves to be further investigated. Another limitation of
the present study is that it has no control group. Thus, it is
possible that some of the progress observed for the two
groups results from the test–retest effect.
However, this study adds a signiﬁcant contribution to
the existing literature that has important practical conse-
quences. Indeed, NW is a form of exercise that has
increasingly gained interest among middle-aged and
elderly people during the last few years. A frequently
evoked reason is that NW poles are a useful equipment
for supporting walking exercise, which reinforce balance
control and leads to signiﬁcant cardiovascular beneﬁts by
increasing oxygen use and caloric expenditure compared
to regular walking.35–37 The present study also demon-
strated that Nordic walking improves motor ﬁtness and
coordination. Thus, our results lead to conclude that
Nordic walking can be highly recommended as an effec-
tive and efﬁcient mode of exercise in older adults to
improve cardiovascular capacities, motor ﬁtness, including
coordination capacities, and last but not least, to enhance
cognitive functioning.
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